Antibacterial surfaces have been in the focus of research for years, driven by an unmet clinical need to manage an increasing incidence of implant-associated infections. The use of silver has become a topic of interest because of its proven broad-spectrum antibacterial activity and track record as a coating agent of soft tissue implants and catheters. However, for the time being, the translation of these technological achievements for the improvement of the antibacterial property of hard tissue titanium (Ti) implants remains unsolved. In our study, we focused on the investigation of the photocatalysis mediated antibacterial activity of silver (Ag), and Ti nanoparticles instead of their pharmacological effects. We found that the photosensitisation of commercially pure titanium discs by coating them with an acrylate-based copolymer that embeds coupled Ag/Ti nanoparticles can initiate the photocatalytic decomposition of adsorbed S. salivarius after the irradiation with an ordinary visible light source. The clinical isolate of S. salivarius was characterised with MALDI-TOF mass spectrometer, while the multiplication of the bacteria on the surface of the discs was followed-up by MTT assay. Concerning practical relevance, the infected implant surfaces can be made accessible and irradiated by dental curing units with LED and plasma arc light sources, our research suggests that photocatalytic copolymer coating films may offer a promising solution for the improvement of the antibacterial properties of dental implants.
Introduction
Dental implants today are increasingly becoming the preferred method to replace missing teeth. Due to their biocompatibility and high clinical success rate titanium dental implant based restorations are indeed very good choices for healthy patients. 1 Implant failure is mainly caused by inflammatory processes affecting the soft and hard tissues. Peri-implant mucositis is defined as a reversible inflammation of the peri-implant soft tissue, which can turn into irreversible peri-implantitis, when the bone is also affected. 2 During the past 10 years, the incidence of periimplant infections increased dramatically, especially in the case of dental implants. 3, 4 Several methods have been proposed for the treatment of peri-implantitis, however the issue still remains unsolved. The recent therapeutic approaches are mostly focusing on the removal of the contaminating agent from the implant surface. Conservative therapy has only been found effective in the treatment of peri-mucositis. When peri-implantitis emerges resective or regenerative surgical therapy becomes necessary. The aim of such surgical interventions is cleaning of the surface of the implants, while avoiding the mechanical destruction of the TiO 2 layer of the implant and the surrounding tissue, while also preventing the reattachment of pathogenic bacteria. Currently, there are no treatment methods available that could fulfil these requirements. Effective mechanical debridement causes irreversible damage to the surface of an implant. The adjuvant systemic or local antibacterial therapy cannot remove residual bacteria from the surface and cannot prevent the recurrence of the infection. Furthermore, the overuse of antibiotics during the last four decades has led to the emergence of new antibiotic resistant bacteria strains that aggravates the complications associated with peri-implant infections. 5 Removal of an infected implant is always accompanied by the destruction of the surrounding tissues that may entail severe complications, like bone loss, trauma of the adjacent teeth, fracture of the crestal bone or sinus exposure; therefore, it is always to be the last therapeutic choice. 6 Antibacterial surfaces have been in the focus of research for years as potential alternatives of antibiotics to prevent the progression of peri-implant infections. 7 However, the scientific achievements have not been reduced to clinical practice so far. 8 Silver has gained a great deal of interest either as a doping or as a coating agent of titanium implants in various forms because of its proven broad-spectrum antibacterial activity. 9 The main limitation of the clinical application of silver containing implants is the unpredictable host tissue response to the high local concentration of silver on the surface of a bone substitute. Furthermore, little is known about the tissue distribution and the cellular uptake of silver, while silver ions can dissolve and silver nanoparticles can release from the surface of the indwelling implants. 10 Hence, in spite of the unquestionable antibacterial effect of silver containing surfaces it still requires extensive research to map the risks of potential side-effects associated with the pharmacological behaviour of silver.
On the other hand, silver nanoparticles exhibit unique photocatalytic properties that are already widely utilised in the semiconductor industry to improve the efficiency of TiO 2 in photocatalytic applications. 11 This feature may harbour untapped potential that might be exploited in the surface treatment of titanium dental implants. 12, 13 Titanium dioxide is typically an n-type semiconductor due to oxygen deficiency and it is the most widely investigated photocatalyst because of its high photoactivity, low toxicity, good chemical and thermal stability. 14 In photocatalysis, light of energy greater than the band gap of the semiconductor, excites an electron from the valance band to the conduction band. 15 The excitation of an electron to the conduction band generates a positive hole in the valance band. Charge carriers (positive holes and electrons) can migrate to the catalyst surface and initiate redox reactions through the oxidation of adsorbed H 2 O producing reactive oxidising species (hydroxide, superoxide radicals, etc.), which finally can lead to the photocatalytic degradation of the absorbed organic compounds, such as pyrogens and bacteria. 16 Various strategies have been adopted for enhancing the photocatalytic efficiency of TiO 2 , including silver deposition that may have great future relevance in the surface modification of titanium dental implants.
Concerning potential dental applications, our hypothesis was that the photocatalytic activity of TiO 2 nanoparticles might be successfully utilised in the treatment of peri-implant infections in order to avoid the detrimental effect of mechanical decontamination of the surface of implants. From practical view, when peri-implantitis is diagnosed, the affected part of the implant is unfolded for surgical debridement, irradiation of the implant surface becomes possible. The irradiation induced accelerated release of reactive oxygen species may decompose the early-diagnosed biofilm on the surface of the dental implants and may render vigorous mechanical decontamination unnecessary.
The aim of the present work was to develop a novel copolymer that is supplemented with either TiO 2 or with coupled TiO 2 /Ag photocatalysts and investigate their antibacterial activity in in vitro experimental setting. As a model organism Streptococcus salivarius was used in our experiments, which may be a first coloniser in titanium dental implant associated infections. 17 
Materials and methods

Preparation of titanium disc samples
For the experiments 1.5 mm thick 9 mm diameter discs were cut from commercially pure (CP4) titanium rods (Daido Steel, Japan Õ ) and they were subjected to sandblasting with aluminium oxide of 150 mm grain size (FINO, Germany) and, subsequently, to acid etching with nitric acid (Reanal, Hungary). Before further processing the samples were cleaned ultrasonically in acetone then 70% ethanol for 15 min and finally rinsed in ultrapure water. Then the titanium discs were coated with polymer-based photocatalytic films. The experimental groups are shown in Table 1 .
Preparation of Ag/TiO 2 /polymer nanohybrid coatings
As a starting material, standard photocatalyst TiO 2 (Degussa P25, Evonik, Germany) with a specific BET surface area of $50 m 2 /g was used without any treatment. In the first step of the preparation, Ag nanoparticles were placed onto the surface of TiO 2 by photodeposition. In this process TiO 2 powder was dispersed in AgNO 3 (Molar, Hungary) solution to obtain Ag-TiO 2 , then 2-propanol (Molar, Hungary) was added as a sacrificial donor to promote the photoreduction of Ag þ ions under UV light illumination by a 300 W Xe-lamp (Hamamtsu L8251, Japan) under 1 h continuous stirring. The prepared Ag-TiO 2 photocatalyst contained 0.5 wt% surface silver nanoparticles. The detailed process of the Ag-TiO 2 synthesis was described in our earlier publications. 18 Dodecyl-sulfate (DS) surfactant molecules were used in 10 wt% to provide hydrophobic character to the photocatalyst particles and increase the dispersibility of the originally hydrophilic photocatalyst particles in the polymer film. The hydrophobically modified TiO 2 and Ag-TiO 2 samples were denoted as DS-TiO 2 and Ag-DS/TiO 2 , respectively. During the preparation of the DS-TiO 2 and Ag-DS/TiO 2 photocatalysts the negatively charged surfactant molecules were added to the positively charged TiO 2 suspension at pH ¼ 4.0. The photocatalysts were washed four times then dried and pulverised.
Subsequently, the titanium discs were coated with polyacrylate resin (poly(ethyl acrylate-co-methyl methacrylate; p(EA-co-MMA)) providing the polymer bed for the photocatalyst. The selected photocatalysts were then added to the polymer solution to yield photocatalyst/polymer mass ratios of 60:40. In order to avoid phase separation, 2% polyacrylic acid was added to the dispersion as a chemical stabiliser. The polymer/ photocatalyst dispersion was next sonicated for 30 min and sprayed onto the surface of the titanium discs using an AD-318 spray gun (Alder, USA). The resulting film coating was dried to a constant weight (3 AE 0.1 mg/cm 2 ) at elevated temperature ($120 C). The detailed process of the synthesis was published in our earlier publications. 13 After the preparation of the coating layers the discs were sterilised in a hot air steriliser at 180 C for 45 min. Finally, the discs were subjected to UVC irradiation at 254 nm wavelength for 60 min in order to decompose the upper layers of the polymer bed to uncover the photocatalyst nanoparticles. After cleaning we had five different types of film on the surface of the titanium discs as they are shown in Table 1 .
UV-Vis absorption spectroscopy
The determination of the absorption spectra of the composite films was performed with NanoCalc 2000 Micropack spectrophotometer (Ocean Optics, USA) equipped with an integrated sphere and HPX 2000 Mikropack high power xenon lamp. Ocean Optics USB2000 diode array spectrophotometer (USA) was applied for the detection of absorbance.
Scanning electron microscopy
High-resolution secondary electron images were taken with a scanning electron microscope (SEM, Hitachi S4700, Japan) at 500-fold magnification. For the better spatial visualisation of the surface structures the discs were rotated by 45 around their longitudinal (y) axis for image acquisition.
Roughness measurements
Profilometry measurements were performed with Veeco, Dektak 8 Advanced Development Profiler Õ (Veeco Instruments, USA). The tips had a radius of curvature $2.5 mm and the force applied to the surface during scanning was $9.8 mN. The imaging resolution in the x (fast) and y (slow) scan direction was 0.167 mm and 6.35 mm, respectively. The vertical resolution was 40 Å . On each sample, the surface topography of 500 Â 500 mm 2 area was recorded at six different places and the average roughness values (R a ) were calculated. Measurements were performed before and after the UVC irradiation of the surfaces.
Contact angle measurements
Contact angles were measured to examine the wettability of the surfaces before and after UVC irradiation. The wetting properties of the polymer based reactive composite films were investigated by EasyDrop contact angle measuring system (EasyDrop K-100; Kru¨ss Gmbh., Germany). The sessile drop method was applied to measure the contact angle. The measurements were carried out at room temperature and the contact angle values were determined before and after UVC irradiation (HPA 400/30 SD type lamp; Philips, Hungary).
Isolation and characterisation of S. salivarius
Clinical isolate of S. salivarius was used in this study offered by courtesy of the Institute of Clinical Microbiology, Faculty of Medicine, University of Szeged. The strain was kept at À80 C in Brain Heart Infusion (BHI) broth (Oxoid, UK) containing 12% (v/ v) glycerol. The bacteria were cultured for 24 h on Columbia-based agar supplemented with 5% cattle blood (bioMe´rieux, S.A. Marcy l'Etoile, France) for characterisation and further experiments. The characterisation of the strain was performed with Microflex LT MALDI-TOF mass spectrometer (Bruker Daltonik, Bremen, Germany). Parameter settings were: linear positive ion mode with laser frequency of 60 Hz, mass spectrometry range 2-20 kDa. The sample preparation was performed by formic acid extraction method. Briefly, a single colony was transferred into an Eppendorf tube and suspended by pipetting up and down in 300 mL double-distilled water. Then 900 mL 96% (v/v) ethanol was added and the mixture was suspended again. The mixture was centrifuged for 2 min by 13,000 r/min. The supernatant was removed and the pellet was exsiccated at room temperature. The pellet was re-suspended in the compound of 10 mL 70% aqueous formic acid and 10 mL acetonitrile. After centrifugation 1 mL of the supernatant was pipetted onto the MALDI target plate and 1 mL of MALDI matrix (a solution of 10 mg/ml a-cyano-4hydroxycinnamic acid in 50% acetonitrile/2.5% trifluoro-acetic acid) was added after drying to the sample at room temperature. The acquired data was automatically analysed by MALDI Biotyper 3.1 software and database (Bruker Daltonik, Bremen, Germany). The species specific identification was performed according to the standard pattern matching approach based on the guidance of the user manual applying log(score) ! 2.0. Another absorption band appears on the absorption spectra of E-F groups in the VIS range between 400 and 550 nm with a maximum of 455 nm.
Investigation of the antibacterial activity
the coated and control discs in 48-well plates for 4 h under standard conditions at 37 C. The growth of S. salivarius on the surface of the discs was measured by means of MTT assay (Sigma Aldrich GmbH, Germany). 19, 20 In order to investigate the photocatalysis mediated antibacterial property of the polymer nanohybrid coatings the experimental groups were divided into 'light' and 'dark' sets. In the 'light' set the discs were irradiated for 10 min at 37 C with UV-Vis light source using a 15 W low-pressure mercury lamp with an intensity of 1.26 Â 10 À6 E/s in the VIS range (LightTech, Hungary). It has characteristic emission wavelengths mostly above 435 nm. However, it also has emission lines at 254, 353 and 393 nm but the intensity of that lines is significantly lower compared to that of visible range wavelenghts. The emission spectrum of the light source is shown on Figure 1 . In the 'dark' or 'control' set the discs were kept in the dark at 37 C. Before irradiation the supernatant was removed from the wells and replaced with 0.2 mL phosphate buffer saline (PBS, PAA, UK) medium. After irradiation 10% 1 mg/mL MTT solution was added to the PBS solution. Following 4 h incubation under standard conditions at 37 C, the medium was gently removed from each well and the crystallised formazan dye was solubilised in absolute isopropanol supplemented with 0.04 M HCl and 10% sodium dodecylsulfate. The optical density of the solution (OD 540 ) was determined at 540 nm with Organon Teknika Reader 530 (Organon Teknika, USA). Four independent experiments were performed including four samples per each experimental group as it is shown in Table 1 .
Statistical analyses
Quantitative results of the contact angle (CA, ( )), profile roughness of the surface (R a (mm)) and absorbance values (MTT, (1)) were analysed.
Data was grouped according to the applied surface treatment and whether the surface was irradiated or not. For data exploration, group means and their 95% confidence intervals were calculated using appropriate t-distributions centered at the sample mean of a given measurement group, with standard deviation equal to the standard error of the measurement within the group and degrees of freedom equal to the sample size in the group less one.
Absorbance values were further analysed to isolate the effects of the different surface treatments and the effect of irradiation on absorbance levels. Comparisons were made within treatment groups between irradiated and dark samples as well as across treatment groups. Due to the large number of comparisons and the highly different variances across groups as seen in Figure 4 , a Bayesian multilevel linear model was used for the analysis. 21 The following model was fit to the data in Stan 22 and the output was analysed in Python 23
where . mtt i is the measured absorbance for the i ¼ 1 . . . N (198) samples, . treatment i ½ is the effect of surface treatment of the surface type present on sample i, . treatment½i is the effect of irradiation on the surface type of sample i, . I i is the indicator variable showing if sample i was irradiated (1) or not (0), . treatment½i is the error term that is separately approximated for each surface type and irradiation condition.
The parameters were sampled the following way
Thus, there are separate treatment, irradiation effects estimated for the K ¼ 6 (A-F) surface types and errors with different variances for the 2 K ¼ 12 surfaceirradiation combinations. The T (mean MTT absorbance for dark samples), C (mean effect of irradiation), T , C , E scale hyperparameters are estimated from the data along with the 1...K , 1...K parameters of interest using Markov Chain Monte Carlo (MCMC) sampling in Stan. The hyperparameters were given minimally informative priors to constrain results to sensible ranges and aid sampler convergence. Sensitivity analysis was done to confirm priors.
The result of interest of the MCMC sampling is an empirical joint posterior distribution for the 1...K , 1...K parameters (mean surface treatment and irradiation effects), which allows direct comparison of the means as well as the actual measurements expected from future experiments. The probability distributions of the contrasts of the means as well as the predictive differences between individual measurements (containing data level variation) were calculated between and across treatment groups and irradiation conditions and were summarised by the 95% equal tailed probability intervals and expected values of the distributions. These results are close to the values given by the t-distributions used in the data exploration; however, they are not necessarily equal due to the difference in the interpretation of a Bayesian credible interval and classical confidence intervals.
We used the joint posterior distributions of the parameters to simulate comparisons of absorbance for individual samples and superimposed the resulting 95% CIs on the group means to indicate data level uncertainty. Data tables and plots were prepared using R. 24 
Results
The coating of the titanium discs by photocatalyst containing polymer changes the optical properties of the surfaces as it is shown on the absorbance spectra ( Figure 1 ). As the result of silver coating, an absorption band appeared on the spectrum between 400 and 600 nm (visible range) with a maximum at 455 nm.
The SEM images revealed significant differences in the morphology of the intact and coated TiO 2 surfaces at 500-fold magnification (Figure 2 ). Figure 2(a) shows a sandblasted and acid etched TiO 2 surface that represents the typical surface pattern of a conventional titanium dental implant. Figure 2(b) shows a smooth surface that is obtained after acrylate-based copolymer film coating of the acid etched and sandblasted TiO 2 surface. Figure 2 (c) and (d) shows the amorphous surface pattern in the micrometre range when the titanium discs were coated with a TiO 2 photocatalyst containing copolymer film; whereas characteristic rounded grains appeared on the surfaces of the discs that were coated with the silver photocatalyst containing copolymer film (Figure 2 (e) and (f)).
The quantitative measurement of roughness (R a (mm)) on the surface of the discs by profilometry provided results that confirmed the differences in the surface pattern of the samples that were observed on the representative SEM images (Figure 3 ). There was considerable variation in the roughness values of the different surfaces; however, no significant difference could be observed between untreated and UVC-treated samples within the same surface treatments (upper panel of Figure 4 ).
Before UVC irradiation contact angle (CA, ( )) measurements showed that the (A), (C), (D) and (F) surfaces were hydrophilic (CA 90 ), while (B) and (E) were hydrophobic. Photocatalyst containing surfaces (C, D, E and F) became superhydrophilic after UVC (254 nm) irradiation, while the polymer coated (B) remained hydrophobic. The mean contact angles for each treatment group and irradiation condition and their 95% CIs can be seen on the centre panel of Figure 4 .
Concerning the characterisation of the clinical isolate of bacterium strain, the MALDI-TOF MS gave a species level identification with log(score) ¼ 2.184 for S. salivarius strain.
Absorbance levels (MTT 1 ) had distinct group means across most treatment and irradiation conditions as suggested by the minimal overlap in the confidence intervals (lower panel of Figure 4 ). The linear decomposition of the absorbance levels into surface effects, surface based irradiation effects and noise yielded comparative results. Under dark conditions, the group means of absorbance in the TiO 2 photocatalyst containing (C) and (D) experimental groups was higher than those of the Ag/TiO 2 /polymer nanohybrid films in the (E) and (F) groups. This suggests that more S. salivarius attached to the surface of TiO 2 containing polymer films than to Ag/TiO 2 /polymer nanohybrid films. The mean absorbance in the (E) and (F) groups was credibly lower than in any of the other groups. The control (A) group had the highest mean absorbance of all groups, being credibly higher than (B) and (D), but compared to group (C) a zero difference still falls in the 95% credible interval. The net effect of UV-Vis irradiation on absorbance values was negative in each group (95% CI excluded zero), indicating that the viability of bacteria was reduced on the irradiated surfaces. The same tendency was observed on the control surface (A) after irradiation than in C, D and E, F experimental groups. However, this reduction was the lowest in the (B) experimental group where the control surface was coated with p(EA-co-MMA) polymer without any photocatalyst content. In absolute magnitude the highest irradiation effect of À0.15 CI 95% (0.09, 0.21) was observed in the (C) group, while relative to the dark levels the (E) group showed the largest percentage change of 60% CI 95% (50%, 67%), followed by group (C) 33% CI 95% (23%, 42%) . The credible differences are listed in Tables 2 to 4 across comparisons both in the group means and the individual measurements, as well as an estimation of the percentage of the samples that we expect to have lower/higher absorbance in the comparison.
Discussion
Our results show that the photocatalytic content of the copolymer films significantly affects the antibacterial activity of their surface in in vitro experimental setting. The TiO 2 photocatalyst containing copolymer films show less intense antibacterial effect without irradiation than the coupled Ag/TiO 2 containing films; however, the irradiation triggered similar drops in the absorbance level suggesting the photocatalytic decomposition of bacteria in each experimental group. On the other hand, the influence of physical parameters of the surfaces on the contamination level, such as microroughness and hydrophilic property of the copolymer films could not be credibly determined in this experimental setting.
The applied light source for irradiation in the microbiology study had emission lines mainly in the VIS range (above 435 nm) that cannot explain the universal drop of the absorbance levels in each experimental group ( Figure 5 ). An absorption band appeared on the UV-Vis absorption spectra of E and F groups between 400 and 550 nm with a maximum of 455 nm indicating the plasmonic effect of silver nanoparticles, which enhances the photocatalytic efficiency of silver doped TiO 2 under visible light. This enhanced photocatalytic efficiency might contribute to the absorbance drop in the E and F experimental groups but not in the C-D and the A-B groups. Concerning pure TiO 2 , the band gap is 3.2 eV for anatase and 3.0 eV for rutile (two polymorphs of TiO 2 ), which means that UV light ( 387 nm) is required to excite an electron from the valance band to the conduction band in photocatalysis. 25 Hence, the absorbance drop in C-D and A groups might be triggered by the low-intensity emission in the UV range (353 nm and 393 nm) of the light source that was used for the irradiation of the contaminated samples in the microbiology study (Figure 1) . The higher absorbance drop in C and D groups compared to Figure 4 . Means and 95% CIs of surface roughness, contact angles and absorbance across surface types and irradiation conditions. There was considerable variation in surface roughness between the different surfaces; however, no significant difference could be observed between untreated and UVC-treated samples within the same surface treatments (top panel). Before UVC treatment contact angle (CA ( )) measurements showed that the (A), (C), (D) and (F) surfaces were hydrophilic, while (B) and (E) were hydrophobic. Photocatalyst containing surfaces (C, D, E and F) became superhydrophilic after UVC (254 nm) treatment, while the polymer coated (B) remained hydrophobic. The mean contact angles for each treatment group before and after UVC treatment and their 95% CIs can be seen on the centre panel. On the bottom panel the mean MTT absorbance values are shown before and after UV-Vis irradiation. The lack of overlap suggests significant differences between certain groups; however, due to the apparent differences in variances, a Bayesian analysis was used to confirm this.
control group A might be explained by the differences in the electron structure of the sandblasted/acid etched bulk TiO 2 surface and the nanocrystalline TiO 2 . In C and D groups the nanocrystalline TiO 2 photocatalyst contains a combination of anatase ($80%) and rutile ($20%). 16 The conduction band potential of rutile is more positive than that of anatase, which means that the rutile phase may act as an electron sink for photogenerated electrons from the conduction band of the anatase phase, therefore it reduces the recombination rate of charge carriers. When recombination occurs the excited electron reverts to the valance band without reacting with the adsorbed species. 26 Recombination might take place at a higher rate in the electron structure of the sandblasted/acid-etched TiO 2 (group A) than in the nanocrystalline (Degussa P25) photocatalyst (groups C-D) that may explain the lower effect of irradiation in group A. Concerning the absorbance drop in group B, the low-intensity UVC light may be sufficient to decompose the uppermost layer of the copolymer film that might entail the detachment of the bacteria from the surface. Sandblasting and acid etching -or their combination -are the most common applied surface treatment methods to improve the biocompatibility of titanium dental implants with bone tissue, thus such surfaces are often used as reference in in vitro biocompatibility and microbiology studies. 27, 28 The major limitation of the sandblasted and acid etched surfaces is that they are prone to infection because of their microrough (R a > 200 nm) surface that favors the attachment of pathogenic bacteria. 29, 30 On the other hand, we found that the absorbance was decreasing with the higher surface roughness, however we did not attempt to confirm these relations between the R a and absorbance values in our experimental setting (Figure 4 ). Concerning the wettability of the films, the visual inspection of the trends across sample did not indicate any correspondence between the hydrophilic/hydrophobic character of the films and the ability of S. salivarius to colonise the surfaces (Figure 4) .
Contrarily, we found that the photocatalytic content of the copolymers significantly influenced the antibacterial activity of the coating films. In groups A-D, markedly higher initial absorbance values were measured before irradiation than in E-F groups where silver was present ( Figure 5 ). This finding is in line with the innate antibacterial activity of silver coated surfaces that has already been widely demonstrated by other research groups. 31, 32 However, our results show that the TiO 2 photocatalyst containing copolymer films may also exhibit considerable photo-induced antibacterial activities.
It is also important to note, that the analysis of finite population variances of the treatment effects (chemical composition of coating films), irradiation effects and noise terms across the sample indicated that noise still plays a large role in determining the absorbance of individual samples. 21 The standard deviation from the grand mean absorbance due to different surface treatments is 0.15, while both irradiation effects and noise has standard deviations of 0.08. The latter is also the central value of highly different standard deviations across sample groups. Therefore, the results of the above paragraphs hold for the means of several measurements and may hold for a subset of the comparisons for individual samples. Most notably, when comparing one irradiated sample to a dark sample of the same surface type, it is difficult to predict which one will have a lower absorbance since irradiation effects and noise are of the same magnitude. For example, in spite we are 95% certain that a group of irradiated (D) samples on average have lower absorbances than a similar groups of dark (D) samples, we only expect approximately 83% of the actual samples to behave this way, due to the variation between individual measurements Table 4 . Credible intervals for the difference in absorbance levels of each surface type after UV-Vis irradiation. A black typeface is used where the credible interval excludes zero, bold where the interval overlaps zero. Intervals for the mean difference and also for individual differences are given, as well as an estimation of the percent of the samples that will have lower/higher absorbance in a oneto-one comparison. within the groups. This is in accordance with our observations, where some measurements of the irradiated samples had higher absorbance than their dark counterparts with the same surface, while on average irradiated samples always had lower values. Our findings suggest that the research of the TiO 2 containing photocatalytic copolymers and their application as coating materials on the surface of dental implants might be a promising subject area in the field of biomaterials. Photocatalytic coatings may provide a novel approach for the less invasive decontamination of infected dental implants via enhanced photo-induced release of reactive oxidative species. 33 In contrast to mechanical decontamination, the potential benefit of such surfaces might be that photocatalysis induced decontamination may preserve the integrity of the biologically active micro-and nanostructures on the surface, which is essential to support the bone healing and osseointegration of the implant. 34 The current obstacle of such approach is that the early diagnosis of peri-implantitis is often very difficult because of the limitations of radiographic examinations and the absence of mobility compared to natural teeth. Thus, when it comes to surgical decontamination, the surface of the implant is often covered by a thick biofilm that may limit the penetration of the light that is to reach the surface to induce photocatalytic decontamination. Therefore, further research and development is needed to improve the photocatalytic antibacterial activity of biocompatible coatings, however it should also be accompanied by the development of less invasive surgical debridement techniques that can secure the integrity of such surfaces. The titration of silver content may be a good approach to find a balance between enhanced photocatalytic activity and biocompatibility of copolymer-based coating films. Dental curing units with LED and plasma arc light sources are widely used in dental practices, have emission both in the ultraviolet and visible light (blue) ranges, therefore could be used for the induction of photocatalytic decomposition of biofilms on photosensitised copolymers. Under dark conditions, the group means of absorbance in the TiO 2 photocatalyst containing (C) and (D) experimental groups was higher than those of the coupled Ag/TiO 2 containing films in the (E) and (F) groups. The mean absorbance in the (E) and (F) groups was credibly lower than in any of the other groups. The control (A) group had the highest mean absorbance of all groups, being credibly higher than (B) and (D), but compared to group (C) a zero difference still falls in the 95% credible interval.
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